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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a method for 
manufacturing a silicon-on-nothing device on a silicon 
substrate. 

SOLUTION: The silicon-on-nothing device is 
manufactured on an insulated floating silicon active 
region, and is completely insulated by an air gap from the 
silicon substrate. The insulated floating silicon active 
region is manufactured onto a silicon germanium layer 
together with an insulating trench that surrounds its 
periphery. Then, before selectively etching the silicon 
germanium layer so as to form the air gap, a plurality of 
anchors are manufactured so that the silicon active 
region may be fixed to the silicon substrate. Filling and 
leveling the insulating trench finishes the formation of 
the insulated floating silicon active region. The silicon- 
on-nothing device on the insulated floating active region 
does or does not have an upheaved source or drain 
region. This may be a polysilicon gate or a metal gate. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 
[Claim 1] 

It is the approach of manufacturing the insulated suspension active field on a semi-conductor 
substrate, 

a) It is the process in which it is the process which forms multi-layer structure on a semi- 
conductor substrate, and this multi-layer structure contains a sacrifice layer and a cap layer at 
least, 

b) It is the process at which it is the process which forms this active field surrounded with the 
insulating trench, and this insulating trench has the place of this sacrifice layer, or the depth of a 
under from this sacrifice layer, 

c) The process which forms two or more support which fixes this active field to this semi- 
conductor substrate, 

d) The process which etches this sacrifice layer alternatively 
How to include. 

[Claim 2] 

It is the approach of manufacturing the insulated suspension silicon active field on a silicon 
substrate, 

a) It is the process in which it is the process which forms multi-layer structure on this silicon 
substrate, and this multi-layer structure contains a silicon germanium layer and a silicon layer at 
least, 

b) It is the process at which it is the process which forms this silicon active field surrounded 
with the insulating trench, and this insulating trench has the place of this silicon germanium 
layer, or the depth of a under from this silicon germanium layer, 

c) The process which forms two or more support which fixes this silicon active field to this 
silicon substrate, 

d) The process which etches this silicon germanium layer alternatively 
How to include. 

[Claim 3] 

Said silicon germanium layer is an approach according to claim 2 formed of epitaxial vacuum 

evaporationo. 

[Claim 4] 

Said silicon layer is an approach according to claim 2 formed of epitaxial vacuum evaporationo. 
[Claim 5] 

It is the approach according to claim 2 of being the process into which it is the approach of 
including a process b1 further after Process b, and a process b1 etches alternatively said a part 
of silicon germanium layer. 
[Claim 6] 

It is the approach according to claim 2 of being the process filled up with the air gap by which it 
was the approach of including Process e further after Process d, and Process e is a process 
which oxidizes the silicon front face exposed after the process which etches said silicon 
germanium layer alternatively, and this oxidization was created by alternative etching of this 
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silicon germanium layer partially or completely. 
[Claim 7] 

It is the approach according to claim 2 of being the process which is the approach of including 
Process f further after Process d, and Process f is filled up with said insulating trench, and 
carries out flattening. 
[Claim 8] 

It is the approach of manufacturing a silicon-on nothing device on the suspension silicon active 
field where it insulated on the silicon substrate, 

a) It is the process in which it is the process which forms multHayer structure on this silicon 
substrate, and this multi-layer structure contains an epitaxial silicon germanium layer, an 
epitaxial silicon layer, a gate dielectric layer, and a cap layer at least, 

b) It is the process at which it is the process which forms this silicon active field surrounded 
with the insulating trench, and this insulating trench has the place of this silicon germanium 
layer, or the depth of a under from this silicon germanium layer, 

c) The process which forms two or more support which fixes this silicon active field to this 
silicon substrate, 

d) The process which etches this silicon germanium layer alternatively, 

e) The process which fills up with and carries out flattening of this insulating trench, 

f) The process which forms the gate, the source, and the drain field of this device 
How to include. 

[Claim 9] 

The thickness of said silicon germanium layer is an approach according to claim 8 which it is for 
3nm - 50nm. 
[Claim 10] 

The germanium content of said silicon germanium layer is an approach according to claim 8 
which it is for 20 - 60%. 
[Claim 11] 

The thickness of said silicon layer is an approach according to claim 8 which it is for 3nm - 

100nm. 

[Claim 12] 

Formation of said silicon active field surrounded with an insulating trench is an approach 
including the process which specifies the insulating trench which surrounds this silicon active 
field by the photolithography, and the process which etches the field which is not protected 
according to the structure specified by this photolithography according to claim 8. 
[Claim 13] 

Said trench insulation etching is an approach according to claim 12 attained by reactive ion 

etching. 

[Claim 14] 

Said insulating trench is the approach according to claim 8 of being the depth of the bottom of 
5nm - 50nm from said silicon germanium layer. 
[Claim 15] 

Said support formation, 

The process which deposits a support layer, 

The process which specifies support structure by the photolithography, 

The process which etches the field which is not protected according to the structure specified 

by this photolithography 

******, an approach according to claim 8. 

[Claim 16] 

Said silicon germanium layer etching is an approach according to claim 8 attained according to a 
wet etching process. 
[Claim 17] 

Said silicon germanium layer etching is an approach according to claim 8 attained according to a 
reactive-ion-etching process. 
[Claim 18] 
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It is the approach according to claim 8 of being the process into which it is the approach of 
including a process b1 further after Process b, and a process b1 etches alternatively said a part 
of silicon germanium layer. 
[Claim 19] 

It is the approach according to claim 8 of being the process filled up with the air gap by which it 
was the approach of including a process d1 further after Process d, and a process d1 is a 
process which oxidizes the silicon front face exposed after alternative etching of said silicon 
germanium layer, and this oxidization was created by alternative etching of this silicon 
germanium layer partially or completely. 
[Claim 20] 

Said source and the drain field of said silicon-on nothing device are the approach according to 
claim 8 of being the source which upheaved, and a drain field. 
[Claim 21] 

Said silicon-on nothing device is a method according to claim 8 of having the polish recon gate. 
[Claim 22] 

Said silicon-on nothing device is a method according to claim 8 of having the metal gate. 



[Translation done.] 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 
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DETAILED DESCRIPTION 

[Detailed Description of the Invention] 

[Field of the Invention] 

[0001] 

This invention relates to manufacture of a semiconductor device and a silicon on insulator (SOI) 
device, and the method of manufacturing a silicon-on nothing device especially. 
[Background of the Invention] 
[0002] 

the case where MOSFET manufactured on the silicon on insulator (SOI) substrate is formed on a 
bulk silicon wafer substrate — comparing — a high speed and a low power — and high-density - 
- etc. — it has a big advantage. A SOI substrate consists of a bulk silicon wafer, a lower layer of 
the insulating material on it, and a skin layer of the single crystal silicon on it. Typically, from 
dozens of nanometers, a surface silicon thin layer is several microns in thickness, and is the 
silicon channel of a transistor. Usually the insulating layer is manufactured from diacid-ized 
silicon, is called an embedding oxide, and is usually hundreds of nanometers in thickness. 
[0003] 

A SOI wafer raises the transistor engine performance reducing the silicon capacity which 
operates, and by insulating a transistor. A surface silicon thin layer restricts the capacity of the 
silicon which needs to be charged in a transistor ON and in order to change off, by that, reduces 
the parasitic capacitance of a transistor and raises a switching rate. Since an insulating layer 
insulates a transistor from near, the leakage current is reduced and a transistor makes it 
possible to operate with lower supply voltage, a transistor becomes smaller and it becomes 
possible to pack by the higher consistency. 
[0004] 

In the CMOS technology in 50nm or less, in order to prevent the short channel effect, the 
thickness of a silicon channel and an embedding oxide needs to become much thinner than 50nm 
and 100nm, respectively. By 5nm, the thickness of a silicone film may have the capacity for the 
minimum of contraction of CMOS to be 20nm channel length, and for super-SOl whose thickness 
of embedding oxide is 20nm to control the short channel effect. However, these requirements 
about the thickness of silicon and the embedding oxide film are over the production capacity of 
the present SOI wafer. Furthermore, the device engine performance can be raised by the 
insulator which has the low dielectric constant which must have been attained using an 
embedding oxide. The lowest dielectric constant of an insulating layer is 1. It means that this has 
an air gap under a silicon layer, and the improved device is called a silicon-on nothing (SON) 
device. The SON device simulation about the device proposed theoretically shows the engine 
performance which improved as compared with the SOI device which has the embedding oxide 
which has the dielectric constant of 3.9 (see the nonpatent literature 1). 
[0005] 

The manufacture process of various SON devices that the source and a drain field were 
connected to the substrate has been proposed. Although manufacture of these devices shows 
the engine performance which improved, the structure of such a device may lead to concern of 
the punch-through phenomenon of the substrate which may happen accompanying the higher 
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parasitism source and drain capacity, and it. For example, please refer to nonpatent literature 1, 

2, and 3. 

[0006] 

Drawing 1 A shows the SON device by the conventional technique. A SON device contains the 
gate electrode 8, the gate dielectric 7 t the source 4, and the drain 5 through the device channel 
6 on a silicon substrate 1 with the extensions 4a and 5a of the source and a drain. It insulates 
with the trench insulator 3 and this SON device floats on an air gap 2. However, an air gap 2 is 
restricted to the device channel 6, and the source and the drain extensions 4a and 5a. The 
source 4 and a drain 5 are still connected to the silicon substrate 1. Drawing 1 B shows the top 
view of the SON device by the conventional technique. 

[Nonpatent literature 1] R. Koh, "Buried layer engineering to reduce the drain-induced barrier 
lowering of sub-0.05micrometer SOl-MOSFET", Japanese Journal of Applied Physics, Vol.38 
(1999), pp.2294-2299, Part 1, No.4B, April, 1999 

[Nonpatent literature 2] M. Jurczak et al„ "Silicon-on-nothing (SON)-an innovative process for 
advanced CMOS", IEEE Transactions on Electron Devices, Vol.47, No. November, 2000 [11 or ], 
pp.21 79-21 87 

[Nonpatent literature 3] S. Monfray et al., "First 80nm SON(silicon-on-nothing) MOSFETs with 

perfect morphology and high electrical performance", IEDM Tech. Dig., 2001, p.800 

[Nonpatent literature 4] T. Sato et al M "SON(silicon-on-nothing) MOSFET using ESS, empty 

space in silicon technique for SoC application", IEDM Tech.Dig., 2001, p.809 

[Description of the Invention] 

[Problem(s) to be Solved by the Invention] 

[0007] 

The manufacture process of various SON devices that the source and a drain field were 
connected to the substrate has been proposed. Although manufacture of these devices shows 
the engine performance which improved, the structure of such a device may lead to concern of 
the punch-through phenomenon of the substrate which may happen accompanying the higher 
parasitism source and drain capacity, and it. 
[Means for Solving the Problem] 
[0008] 

The approach by this invention is a process which is the approach of manufacturing the insulated 
suspension active field, and forms multi-layer structure on a semi-conductor substrate on a 
semi-conductor substrate. This multi-layer structure It is the process and the process which 
forms this active field surrounded with b insulation trench which contains a sacrifice layer and a 
cap layer at least. This insulating trench The process and the process which forms two or more 
support which fixes active c this field to this semi-conductor substrate which has the place of 
this sacrifice layer or the depth of a under from this sacrifice layer, and the process which 
etches d this sacrifice layer alternatively are included, and this attains the above-mentioned 
purpose. 
[0009] 

The approach by this invention is an approach of manufacturing the insulated suspension silicon 
active field on a silicon substrate, a) It is the process which forms multi-layer structure on this 
silicon substrate. This multi-layer structure It is the process and the process which forms this 
silicon active field surrounded with b insulation trench which contains a silicon germanium layer 
and a silicon layer at least. This insulating trench The process which has the place of this silicon 
germanium layer, or the depth of a under from this silicon germanium layer, c) The process which 
forms two or more support which fixes this silicon active field to this silicon substrate, and the 
process which etches d this silicon germanium layer alternatively are included, and this attains 
the above-mentioned purpose. 
[0010] 

Said silicon germanium layer may be formed of epitaxial vacuum evaporationo. 
[0011] 

Said silicon layer may be formed of epitaxial vacuum evaporationo. 
[0012] 
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It may be the approach of including a process b1 further after Process b, and a process b1 may 

be a process which etches alternatively said a part of silicon germanium layer. 

[0013] 

It may be the approach of including Process e further after Process d, and Process e may be a 
process which oxidizes the silicon front face exposed after the process which etches said silicon 
germanium layer alternatively, and this oxidization may be a process filled up with the air gap 
created by alternative etching of this silicon germanium layer partially or completely. 
[0014] 

It may be the approach of including Process f further after Process d, and Process f may be a 

process which fills up with and carries out flattening of said insulating trench. 

[0015] 

The approach by this invention is an approach of manufacturing a silicon-on nothing device on 
the suspension silicon active field where it insulated on the silicon substrate, a) It is the process 
which forms multi-layer structure on this silicon substrate. This multi-layer structure The 
process which contains an epitaxial silicon germanium layer, an epitaxial silicon layer, a gate 
dielectric layer, and a cap layer at least, b) It is the process which forms this silicon active field 
surrounded with the insulating trench. This insulating trench The process which has the place of 
this silicon germanium layer, or the depth of a under from this silicon germanium layer, c) The 
process which forms two or more support which fixes this silicon active field to this silicon 
substrate, d) The process which etches this silicon germanium layer alternatively, the process 
which is filled up with insulating e this trench and carries out flattening, and the gate off this 
device, the source and the process that forms a drain field are included, and this attains the 
above-mentioned purpose. 
[0016] 

The thickness of said silicon germanium layer may be for 3nm - 50nm. 
[0017] 

The germanium content of said silicon germanium layer may be for 20 - 60%. 
[0018] 

The thickness of said silicon layer may be for 3nm - 100nm. 
[0019] 

Formation of said silicon active field surrounded with an insulating trench may also include the 
process which specifies the insulating trench which surrounds this silicon active field by the 
photolithography, and the process which etches the field which is not protected according to the 
structure specified by this photolithography. 
[0020] 

Said trench insulation etching may be attained by reactive ion etching. 
[0021] 

Said insulating trench may be the depth of the bottom of 5nm - 50nm from said silicon 

germanium layer. 

[0022] 

Said support formation may also include the process which deposits a support layer, the process 
which specifies support structure by the photolithography, and the process which etches the 
field which is not protected according to the structure specified by this photolithography. 
[0023] 

Said silicon germanium layer etching may be attained by the wet etching process. 
[0024] 

Said silicon germanium layer etching may be attained by the reactive-ion-etching process. 
[0025] 

It may be the approach of including a process b1 further after Process b, and a process b1 may 

be a process which etches alternatively said a part of silicon germanium layer. 

[0026] 

It may be the approach of including a process d1 further after Process d, and a process d1 may 
be a process which oxidizes the silicon front face exposed after alternative etching of said 
silicon germanium layer, and this oxidization may be a process filled up with the air gap created 
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by alternative etching of this silicon germanium layer partially or completely. 
[0027] 

Said sources and the drain fields of said silicon-on nothing device may be the source which 

upheaved, and a drain Field. 

[0028] 

Said silicon-on nothing device may have the polish recon gate. [0029] 

Said silicon-on nothing device may have the metal gate. 

[0030] 

(Summary of invention) 

This invention offers the approach of manufacturing the silicon-on nothing (SON) device which 
has the source insulated from the silicon substrate by the air gap, a drain, and a channel field. 
SON including the source,. a drain, and a channel field An MOSFET device is manufactured on 
the insulated suspension silicon active field. It insulates from other active silicon fields 
completely by the trench insulation surrounding a silicon active field, and the insulated 
suspension silicon active field is insulated from a silicon substrate by the air gap. 
[0031] 

It sets on an aspect of affairs with this invention, and the manufacture process of the insulated 
suspension active field on a semi-conductor substrate is indicated. The multi-layer containing a 
cap layer and a sacrifice layer deposits on a semi-conductor substrate. Then, patterning of the 
multi-layer is carried out to an active field by etching the field where the multi-layer was 
chosen. The etched field surrounding an active field specifies the insulating trench with which an 
active field is insulated. The etched insulating trench has the depth of the place of a sacrifice 
layer, or the bottom of a sacrifice layer, and it is desirable that it is below a sacrifice layer. Then, 
since an active field is fixed before removing a sacrifice layer by etching, two or more support 
which connects the insulated active field to a substrate is formed. In order to form the insulated 
suspension active field, it may fill up with an insulating trench and flattening of the structure may 
be carried out. 
[0032] 

Setting on other aspects of affairs of this invention, this invention indicates the manufacture 
process of the insulated suspension silicon active field on a silicon substrate. As for a multi- 
layer, it is desirable that a gate dielectric and a cap layer are included further. As for a silicon 
active field, it is desirable that it is the multi-layer of the epitaxial silicon and gate dielectric 
deposited on the sacrifice layer of epitaxial silicon germanium and a cap layer. The manufacture 
process of the insulated suspension silicon active field is started from the multi-layer of silicon 
germanium and a silicon layer. As for a multi-layer, it is desirable that a gate dielectric and a cap 
layer are included further. Then, a silicon active field is formed by etching the field where the 
multi-layer structure surrounding a silicon active field was chosen. Etching specifies the 
surrounding insulating trench of a silicon active field. An insulating trench has the depth of a 
under from the place of a silicon germanium layer, or it at least. As for the depth of an insulating 
trench, it is more desirable than a silicon germanium layer that it is under 5nm - 50nm. Then, 
before two or more support etches a silicon germanium layer alternatively, since a silicon active 
field is fixed to a silicon substrate, it is manufactured. Then, flattening of the insulating trench 
may be filled up with and carried out. A suspension silicon active field is supported by the trench 
insulation surrounding the surroundings here. 
[0033] 

In the example of an alteration of a series of above-mentioned processes, partial etching of a 
silicon germanium layer may be performed before formation of support. Furthermore, a thermal 
oxidation process may be inserted after the process which etches a silicon germanium layer 
alternatively. A thermal oxidation process may oxidize the exposed silicon front face, i.e., the 
base of epitaxial silicon, and the top face of a silicon substrate. These silicon front faces are 
exposed after alternative etching of a silicon germanium layer. A thermal oxidation process can 
be filled up with the air gap formed of alternative etching of a silicon germanium layer partially or 
completely with the diacid-ized silicon which carried out heat growth. 
[0034] 
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As for a silicon layer, it is desirable that it is epitaxial silicon, and it is desirable that it is 
thickness while being 3nm - 100nm. It is desirable that it is epitaxial silicon germanium, as for a 
silicon germanium layer, it is desirable that it is thickness while being 3nm - 500nm, and it is 
most desirable that it is thickness while being 3nm - 50nm. In order to provide an epitaxial silicon 
layer with good etch selectivity and good epitaxial growth conditions, as for the germanium 
content in a silicon germanium layer, it is desirable that it is for 10% - 70%, and it is most 
desirable that it is for 20% - 60%. As for a gate dielectric layer, it is desirable that it is diacid-ized 
silicon which accumulated or grew, and its high~k dielectric materials, such as combination of an 
oxidization hafnium, a zirconium dioxide, an aluminum oxide, silicic-acid hafniums, or such 
arbitration, are the most desirable. In a polish recon gate device, as for a cap layer, it is desirable 
that it is a polish recon layer, and it is desirable in a metal gate device that they are polish recon, 
diacid-ized silicon, or silicon nitride. 
[0035] 

As for an active field and the patterning process of support, it is desirable to be carried out by 
the photolithography by which coating of the photoresist is carried out, UV light is exposed 
under a photo mask, and a pattern is imprinted on a photoresist from a photo mask. A 
photoresist protects a substrate in an etching process so that a pattern may be imprinted on a 
substrate from a photoresist. Then, a photoresist may be stripped. As for pattern imprint etching, 
it is desirable to be attained by reactive ion etching or wet etching. 
[0036] 

As for the depth of insulating trench etching, it is desirable to become the bottom of a silicon 
germanium layer, and it is most desirable to become the bottom of 5nm - 50nm from a silicon 
germanium layer. 
[0037] 

As for support formation, it is desirable after deposition of a support layer to be carried out by 
the photolithography. A support pattern is imprinted by photoresist coating and an etching 
process can imprint a support pattern in a support layer. As for a support layer, it is desirable 
that they are insulating materials, such as diacid-ized silicon or silicon nitride. Support supports 
a silicon active field and offers sufficient access for silicon germanium so that an air gap may be 
formed in the bottom of a silicon active field and silicon germanium may be etched. As for silicon 
germanium etching, it is desirable to be attained by reactive ion etching or the wet etching using 
an alternative etching solution like 202/H2of NH4 OH/H O. 
[Effect of the Invention] 
[0038] 

In other aspects of affairs of this invention, this invention indicates the process which 
manufactures a SON device on the insulated suspension silicon active field. It insulates 
completely with the insulating trench surrounding the surroundings, and a SON device is 
completely insulated from a nearby SON device by the air gap under a silicon active field. The air 
gap insulation of the source of a SON device, a drain, and a channel field offers a high 
performance device. 
[0039] 

As for a silicon active field, in a SON device manufacture process, it is desirable that it is the 
multi-layer of the epitaxial silicon and gate dielectric deposited on an epitaxial silicon germanium 
layer and a cap layer. It is desirable that a dope impurity is injected into an epitaxial silicon layer 
in order to adjust threshold voltage. After completion of the insulated suspension silicon active 
field, in order to create a SON device, the transistor manufacture process of the present skill 
level may be performed. 
[0040] 

A SON device may be a polish recon gate device or a metal gate device. The eminent source 
and the eminent drain may be manufactured. 
[Best Mode of Carrying Out the Invention] 
[0041] 

This invention indicates the approach of manufacturing the insulated suspension active field on a 
semi-conductor substrate. The insulated suspension active field surrounds an active field, and is 
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insulated by the trench insulator which floats on an air gap. An air gap is manufactured from a 
sacrifice ingredient and etched alternatively after that. When a sacrifice layer is removed, in 
order to prevent raising an active field, two or more support which fixes an active field to a 
substrate in front of an alternative etching process is manufactured. Then, support can be 
assimilated to an insulating material in a next process. 
[0042] 

Drawing 2 A shows the insulated suspension active field 103 by this invention on the semi- 
conductor substrate 101. It insulates with the trench insulator 102 surrounding the active field 
103 with which it filled up, and the insulated suspension active field 103 is insulated from the 
semi-conductor substrate 101 by the air gap 104. The suspension active field 103 is supported 
by the trench insulator 102 with which it filled up. Drawing 2 B shows the insulated top view of 
the suspension active field 103 which was surrounded by the trench insulator 102. 
[0043] 

Drawing 3 A shows the insulated suspension active field structure of having the support 115 
which supports the active field 113 before etching of the sacrifice layer 116. In this drawing, it 
does not fill up with the trench insulator 1 12 yet, therefore the active field 1 13 is supported with 
support 115. Drawing 3 B shows the top view of the active field 113 with the support support 
115. By making cutoff into the minimum and making access to a sacrifice layer into the 
maximum, support 1 15 is designed so that etching of the sacrifice layer 116 may be optimized. 
[0044] 

Drawing 4 A-F shows the perfect production process of the insulated suspension active field by 
this invention. As shown in drawing 4 A, the multi-layer structure containing the active layer 120 
and the sacrifice layer 121 deposits on the semi-conductor substrate 122. Then, as shown in 
drawing 4 B, the active field 124 is formed by etching the insulating trench 123 into the 
surroundings of an active field. As most sacrifice fields 1 25 are exposed and it is shown in this 
drawing, as for the etched insulating trench 123, it is desirable to expose the sacrifice field 125 
whole and some substrates 1 22. As shown in drawing 4 C, support 1 26 is manufactured on the 
insulated suspension active field, and is connected to the substrate 122 which had the insulating 
suspension active field 124 exposed. Then, the sacrifice field 125 is etched alternatively, an air 
gap 127 is formed, and as shown in drawing 4 D, the insulated suspension active field 124 which 
is supported with support 126 is left behind. You deposit the layer 128 with which it filled up on 
the whole structure, and it makes it filled up with the insulating trench 123 as shown in drawing 4 
E. As for the filler of an insulating trench, it is desirable for it to be completely filled up with the 
insulating trench 123, and not to be completely filled up with an air gap 127. As for a filler, it is 
more desirable that restoration of an air gap 127 becomes the minimum in order to make size of 
an air gap the maximum. Then, flattening of the packed bed 128 is carried out using the process 
which carries out flattening on the whole, for example, chemical machinery polish, (CMP), and as 
shown in drawing 4 F, it is stopped on the active field 124. An air gap 127 top is floated, the 
surroundings are insulated by the trench insulator 1 23, and the insulated suspension active field 
124 is insulated from the substrate 122 by the air gap 127. The insulating suspension active field 
124 is supported here by the trench insulator 123 with which it filled up with the remainder of 
the support 126 after a CMP process. The remainder of support 126 may be assimilated to the 
trench insulator 1 23, when manufactured from the same ingredient. 
[0045] 

Although, as for drawing 2 A, and 3A and 4F, only one shows the insulated layer of a suspension 
active field, it is also within the limits of this invention to use a multi-layer. The insulated 
suspension active field is very thin, and when not stabilized structurally, since the reinforcement 
is increased, the further layer may deposit on the insulated suspension active field layer. Since 
the layer of the following process process also optimizes the flow of a process, it may be 
deposited before formation of the insulated suspension active field. 
[0046] 

In the modification of the manufacture process in which the insulated suspension active field was 
indicated, it can become instead of the process of drawing 4 C 4C [ 1 and ]2 being drawing 4 C. 
Drawing 4 C1 shows the further process which etches partially the sacrifice field inserted before 
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formation of support. In order to support the suspension field 124, it leaves sufficient remaining 
sacrifice fields 125, and a part of sacrifice field 125 130 is etched. According to this modification 
of a process, the support formation process in drawing 4 C is in the condition which has an air 
gap 130 in a sacrifice field in drawing 4 C2, and it is shown that support 126 has clung to the 
suspension field 124 and the substrate 122. The conditions of the process which deposits a 
support ingredient are not filling up with a gap 130. This process modification raises etching of 
the sacrifice layer between formation of an air gap. 
[0047] 

Various kinds of operation gestalten of support formation are shown in drawing 5 A - 5D. 
Drawing 5 A shows two support 135a which supports two side faces of suspension active field 
133a on air gap 136a to substrate 131a. Drawing 5 B shows one support 135b which supports 
only one side face of suspension active field 133b on air gap 136b to substrate 131b. Drawing 5 
C shows two support 135c which supports two side faces of suspension active field 133c on air 
gap 136c which counter to substrate 131c. Drawing 5 D is drawing showing big one support 135d 
which supports two side faces of 133d of suspension active fields on air gap 136d to 1 31 d of 
substrates. In the support which supports a suspension active field, it is understood that it may 
succeed in the further deformation and the further alteration of support structure, without 
covering all openings of a sacrifice layer. 
[0048] 

The desirable operation gestalt of this invention is manufacture of the insulated suspension 
silicon active field as shown in drawing 6 . Including the epitaxial layer 202 of a silicon layer, the 
gate dielectric layer 203, and the cap layer 204, the surroundings are insulated by the trench 
insulator 205 and the insulated suspension silicon active field is insulated from a silicon 
substrate 200 by the air gap 201. The epitaxial silicon layer 202 may be poured in in order to 
adjust device threshold voltage. A cap layer may be a polish recon layer, in order to manufacture 
a gate polish recon device, and it may be polish recon, diacid-ized silicon, or silicon nitride as a 
CMP stop layer in manufacture of a metal gate device. 
[0049] 

The manufacture process of a suspension silicon active field that this invention was insulated is 
explained below. It starts from a silicon wafer substrate and the epitaxial deposition of the layer 
of silicon germanium is carried out. Then, the epitaxial layer of silicon with desirable the 
thickness of a silicon layer being 3nm - 100nm accumulates. In some aspects of affairs of this 
invention, the layer which continues after a gate dielectric layer, a gate polish recon layer, a cap 
layer, etc. is also deposited on a silicon layer. A silicon layer is very thin, and when not 
structurally stable, since the reinforcement is raised, the further layer may deposit on a silicon 
layer. Moreover, since the following process process does not wait for completion of formation of 
a silicon active field in order to prevent contamination, but it raises surface cleanliness and 
optimizes the flow of a process, it may be applied immediately after silicon layer deposition. Like 
ion grouting which adjusts threshold voltage, it may be carried out after an epitaxial silicon 
deposition process. In the case of a polish recon gate device, a gate dielectric layer and a gate 
polish recon layer may deposit on an epitaxial silicon layer. In the case of a metal gate device, a 
gate dielectric and CMP stop layers, such as polish recon, diacid-ized silicon, or silicon nitride, 
may deposit. A CMP stop layer is used for the flattening stop in processes which carry out 
flattening on the whole, such as a chemical machinery polish (CMP) process. 
[0050] 

The layer of silicon germanium is chosen as a sacrifice layer. It is because silicon germanium 
may be alternatively etched to silicon so that the air gap for a suspension silicon layer may be 
formed. In a device application, silicon germanium has the further advantage that silicon and a 
grid have consistency, and leads to deposition of an epitaxial silicon layer becoming easy. The 
germanium content of a silicon germanium layer may be for 10 - 70%, and it is desirable that it is 
20 - 60%. When a germanium content is low, there are few grid strains, therefore epitaxial silicon 
deposition is more easy. When a germanium content is high, the etch selectivity to silicon is 
more good, and air gap formation is more easy. The grids of silicon germanium and silicon differ 
slightly, and deposition of the epitaxial silicon germanium on silicon creates bent silicon 
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germanium with a grid similar to silicon. When silicon germanium is thicker than critical thickness, 
it can ease to the balanced grid of silicon germanium, and the grid of silicon germanium can make 
difficult the epitaxial silicon deposited later. Therefore, as for the thickness of silicon germanium, 
it is desirable to be chosen so that it may become thinner than critical thickness, and to make it 
relaxation of silicon germanium not break out. As for the thickness of silicon germanium, it is 
desirable that it is for 3nm - 50nm. 
[0051] 

Patterning of the multHayer structure is carried out to a silicon active layer after deposition of 
multi-layer structure. The desirable process of a patterning process is a photolithography which 
imprints an image from a photo mask to photoresist coating. In a typical photolithography 
process, coating of the multi-layer is carried out by the photoresist layer, and a photoresist layer 
is exposed by UV light with a photo mask, and is developed after that. Depending on the type, for 
example, the negative resist, or positive resist of the photoresist used, the image from a photo 
mask is imprinted positively or negatively on a photoresist. 
[0052] 

Then, the insulating trench surrounding a silicon active field is manufactured by etching the 
silicon active field by which patterning was carried out. An insulating trench exposes most, even 
if there are few silicon germanium layers. As for insulating trench etching, it is desirable to 
expose the part which applied the amount of over-etching to a silicon substrate to the whole 
silicon germanium layer. As for silicon substrate over-etching, a silicon active field is insulated 
completely, and since a deep insulator is unnecessary, it can become a depth of 10nm. The 
photoresist by which patterning was carried out protects a silicon active field in insulating trench 
etching. A photoresist may be stripped after formation of a silicon active field. 
[0053] 

In order to form a suspension silicon active field, before a silicon germanium layer is removed by 
etching, in order to prevent raising a silicon layer, it is necessary to fix to a substrate. Then, two 
or more support is formed, a silicon active layer is connected to a substrate, and a silicon active 
field is supported in following etching of a silicon germanium lower layer. A support ingredient 
differs from silicon germanium, in order to prevent being etched in etching of a silicon germanium 
lower layer. As for a support ingredient, it is desirable that they are insulating materials, such as 
diacid-ized silicon. It is because support can become a part of shallow trench insulating material 
by doing so. As for support, it is desirable to leave sufficient opening to silicon germanium so 
that etching access may be enabled. 
[0054] 

As for support, being manufactured as follows is desirable. The thin support layer of insulating 
materials, such as diacid-ized silicon or silicon nitride, deposits on the whole surface. As for the 
thickness of a support layer, it is desirable that it is for 10nm - 500nm. A support layer is a wrap 
in both a silicon layer and a substrate. Then, as for a support layer, it is desirable that patterning 
is carried out by the photolithography process. The part as which the support layer was chosen 
is removed by etching, and two or more support which connects a silicon layer to a substrate is 
formed. 
[0055] 

Silicon germanium is removed by etching after formation of support, and a suspension silicon 
active field is formed. In order to form an air gap, as for silicon germanium, being etched 
completely is desirable, but it may be partially etched so that it may leave the support column of 
silicon germanium to the bottom of a silicon active field. When silicon germanium is removed by 
etching, as for support, it is desirable to be designed so that a suspension silicon active field may 
be supported appropriately. As for etching of silicon germanium, it is desirable that it is 
alternative to silicon. The mixture of 202/H2of NH4 OH/H O may be used for alternative silicon 
germanium wet etching. Plasma dry etching may be applied to etching a silicon germanium layer 
alternatively again. 
[0056] 

The process of the arbitration of the partial etching of silicon germanium may be performed 
before formation of support. Silicon germanium may be partially etched so that silicon germanium 
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may be dented in the condition that there is a part in which the germanium layer remained. The 
remaining part of the middle silicon germanium of an active field is used in order to prevent 
raising a silicon active field. In this modification, as for the support layer deposition description, 
what (not too conformal) a configuration is not [ a thing ] in agreement too much is desirable in 
order to prevent restoration of the crevice of silicon germanium. A plasma strengthening 
chemical-vacuum-deposition technique is desirable because of deposition of a support layer. 
[0057] 

Then, flattening of the insulating trench is filled up with and carried out. Although it is desirable 
that it is the same ingredient as a support layer and it is desirable that they are insulating 
materials, such as diacid-ized silicon or silicon nitride, the layer with which it filled up is 
deposited so that it may be filled up with an insulating trench. As for the layer with which it filled 
up, it is desirable to be filled up with an insulating trench, and it is desirable not to be completely 
filled up with an air gap. Then, flattening stops on a line crack and a cap layer, in order to make a 
front face smooth. Here, a silicon layer floats on an air gap and is completely insulated by an 
insulating trench and the air gap. 
[0058] 

Other desirable operation gestalten of this invention are manufactures of the silicon-on nothing 
(SON) device with which the source and a drain field were insulated from the silicon substrate. A 
SON device including the source, drain, and gate field which were indicated is manufactured on 
the insulated suspension silicon active field. 
[0059] 

Drawing 7 A shows the multi-layer semi-conductor structure prepared using the process of the 
present skill level. Multi-layer structure contains the layer 304 of gate polish recon, the layer 303 
of a gate dielectric, the epitaxial silicon layer 302, and the epitaxial silicon germanium layer 301 
on the silicon wafer substrate 300. The epitaxial silicon germanium layer 301 grows on a silicon 
substrate 300. As for the thickness of silicon germanium 301, it is desirable that it is thinner than 
critical thickness so that relaxation may not break out. As for the thickness of silicon germanium 
301, it is desirable that it is for 3nm - 50nm. The epitaxial silicon layer 302 grows on the silicon 
germanium layer 301. As for the thickness of the epitaxial silicon layer 302, it is desirable that it 
is for 3nm - 100nm. The doping concentration of an epitaxial silicon layer may be changed by the 
channel ion implantation so that threshold voltage may be adjusted. The gate dielectric layer 303 
is grown up or deposited on the epitaxial silicon layer 302. As for gate dielectric materials, it is 
desirable that it may be diacid-ized silicon and they are high-k dielectric materials, such as an 
oxidization hafnium or a zirconium dioxide. Then, the gate polish recon layer 304 deposits. The 
polish recon layer 304 may only be used as a chemical machinery polish (CMP) stop layer as a 
gate ingredient When used for a CMP stop layer, silicon nitride may be used instead, it is 
removed after a CMP process, and a gate dielectric and a gate electrode accumulate after 
removal of a CMP stop layer. 
[0060] 

Drawing 7 B shows the shallow trench insulation photolithography process which carries out 
patterning of the multi-layer structure to a silicon active field. A photoresist 305 specifies an 
active field. It may be desirable to specify the upper limit of the polygon in a silicon active field 
layout depending on the silicon etch selectivity to a silicon germanium etching rate and silicon 
germanium. 
[0061] 

Drawing 7 C shows the insulating trench 306 surrounding a silicon active field. A photoresist 305 
protects the multi-layer in an insulating trench etching process, and as shown in drawing 7 D, it 
is removed after completion of insulating trench etching, an insulating trench — the dirty depth 
is in a condition with the amount of over-etching, and it is desirable to go downward more 
slightly than the silicon germanium layer 301. Since a device is manufactured on the up epitaxial 
silicon layer 302 and silicon germanium 301 is replaced with air, a deep insulation is not needed. 
Insulating trench over-etching may be for 5nm - 50nm, and it is desirable that it is under 10nm 
of a silicon germanium layer. 
[0062] 
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Drawing 7 E shows the support layer 310 which that they are diacid-ized silicon or silicon nitride 
deposited on a desirable active field and a desirable insulating trench. Drawing 7 F shows the 
photolithography process which specifies support. A photoresist 311 protects a support field. 
[0063] 

Drawing 7 G is in the condition that the photoresist pattern 311 protects support structure, and 
shows formation of the support 312 after the support layer by which patterning was carried out 
was removed by etching. Drawing 7 H shows the support structure 312 after the photoresist 311 
was stripped. Support 312 is attached in the top face of the gate polish recon layer 304 of an 
active field, and the side attachment wall of layers 304, 303, and 302. Support is attached on the 
front face of the exposed silicon substrate 300 again. Although support may be attached in the 
side attachment wall of silicon germanium again, since silicon germanium is removed by etching, 
the adhesion between support and silicon germanium is not decisive. 
[0064] 

Drawing 7 I shows formation of the air gap 313 after silicon germanium was removed by etching. 
The active fields 304, 303, and 302 are supported with support 312 on an air gap 313 here. 
[0065] 

Drawing 7 J shows restoration of an insulating trench. It is desirable for it to be completely filled 
up with an insulating trench and not to be filled up with an air gap. Drawing 7 K shows the 
flattening process stopped in the polish recon layer 304 using CMP. The remainder of the 
insulating trench 306 with which it filled up, and support 312 supports a silicon active field on an 
air gap 313 here. 
[0066] 

Drawing 7 L shows the process of the following arbitration which deposits the 2nd layer 321 of 
polish recon. Drawing 7 M shows the process which forms gate polish recon on the polish recon 
layer 321 using the photoresist pattern 322. The 2nd polish recon layer 321 is used in order to 
extend the polish recon gate to a field insulating region, and it is assimilated to the 1st polish 
recon layer 304 on an active field. 
[0067] 

Drawing 7 N shows the gate polish recon formation by etching of the polish recon layer 321 
which used the photoresist 322 as a mask. Gate formation etches the 1st polish recon layer 304, 
etches gate oxide 303, and stops it on the silicon layer 302. A photoresist 322 is stripped in 
drawing 7 O. 
[0068] 

After gate polish recon formation, a device may be completed by the CMOS process technique 
of the present skill level, as shown in drawing 7 P. It insulates with the trench insulator 306 
which has the remaining support 312, and a SON device floats completely on an air gap 313. A 
dope impurity may be poured into the polish recon gate 321 in order to raise conductivity. In the 
technique concerned, the source field 342 and the drain field 341 are formed of impregnation of 
a dope impurity, n+, or p+ so that it may be common knowledge. A low doped lane / source 
(LDD) field, and HALO may also be formed with formation before formation of the source 342 
and drain 341 field. The source 342 of the SON device of this invention and drain 341 field are 
insulated from a silicon substrate 300 by the air gap 313 again. The gate spacer 349 may be 
manufactured so that the gate structures 321 and 304 may be insulated. Transistor structure 
may be either an n channel or a p channel device. Then, metalization continues and device 
manufacture is completed. An oxidizing zone 344 covers structure and a contact hole is etched 
after that for a metalization interconnection. Then, a metal accumulates and the source 
electrode 346, the drain electrode 347, and the gate electrode 345 are formed. 
SHIRISAIDESHON of the source, a drain, and the polish recon gate may be applied again. 
[0069] 

Furthermore, the source and the drain field of a silicon-on nothing device may be the source 
which upheaved and the drain field where the source and a drain field may be expanded by the 
source and the drain technique which upheaved in order to reduce serial resistance of a 
transistor. U.S. Pat. No. 6,368,960 of the name "Double sidewall raised silicided source/drain 
CMOS transistor" according [ the process of the upheaval source and a drain ] to Hsu and 
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others, And are based on Sakiyama and others. "Raised silicide source/drain MOS transistors 
having enlarged source/contact regions and It can see in U.S. Pat. No. 6,352,899 of a name 
called method." these patents are used as reference by this detail letter. 
[0070] 

A series of above-mentioned processes are applicable also to the device which has the polish 
recon gate. Silicon-on nothing device manufacture of this invention is applicable also to the 
device which has the metal gate again. In this device, gate ingredients are metals, such as an 
alloy of copper, aluminum, a tungsten, nickel titanium, a tantalum, platinum, or the arbitration that 
combined these. The insulated suspension silicon active field is used for a metal gate CMOS 
process, and it may be adjusted so that the device which has a metal gate electrode may be 
manufactured. The process which manufactures a metal gate MOS transistor can be seen in U.S. 
Pat. No. 6,274,421 of the name "Method of making metal gate sub-micron MOS transistor" by 
Hsu and others. This patent is used as reference in this specification. 
[0071] 

In the example of an alteration of a series of above-mentioned processes, partial etching of the 
silicon germanium layer 301 may be attained before deposition of a support layer. Alternative 
silicon germanium etching may be performed after trench insulation formation as shown in 
drawing 7 D. Drawing 7 D1 shows the further process after drawing 7 D. In this process, a silicon 
germanium etching process is in the condition which left the part of the remaining silicon 
germanium in order to prevent raising a silicon active field, and it forms a crevice 340. This 
process is continued from deposition of the support layer 310, as shown in drawing 7 E. Since it 
is desirable that a support layer is not filled up with the gap of a silicon germanium etching part, 
the plasma strengthening chemical vapor deposition of a support layer is desirable in order to 
prevent restoration of this gap. 
[0072] 

Furthermore, in the example of an alteration of a series of above-mentioned processes, a 
thermal oxidation process may be inserted after the alternative silicon germanium layer 301. It 
originates in this thermal oxidation process, and, probably an air gap is filled up with the diacid- 
ized silicon which carried out heat growth partially or completely. The diacid-ized silicon which 
carried out heat growth can raise the device engine performance on the base of the silicon 
active layer 302. 
[0073] 

As mentioned above, although this invention has been illustrated using the desirable operation 
gestalt of this invention, this invention is limited to this operation gestalt, and should not be 
interpreted. As for this invention, it is understood that the range should be interpreted by only 
the claim. It is understood that this contractor can carry out the equivalent range from the 
publication of the concrete desirable operation gestalt of this invention based on a publication 
and technical common sense of this invention. It is understood that the contents should be used 
as reference to this specification by the patent, the patent application, and the reference which 
were quoted in this specification as the contents itself are concretely indicated by this 
specification. 
[0074] 
(Epitome) 

The method of manufacturing a silicon-on nothing device on a silicon substrate provides. The 
indicated silicon-on nothing device is manufactured on the insulated suspension silicon active 
field, and is completely insulated from a silicon substrate by the air gap. The insulated 
suspension silicon active field is manufactured on a silicon germanium layer with the insulating 
trench surrounding the surroundings. Then, since a silicon active field is fixed to a silicon 
substrate before etching a silicon germanium layer alternatively so that an air gap may be 
formed, two or more support is manufactured. Insulating trench restoration and flattening make 
formation of the insulated suspension silicon active field complete. The silicon-on nothing device 
on the insulated suspension silicon active field may be the polish recon gate or the metal gate 
which has the source which upheaved, and a drain field, or it does not have. 
[Brief Description of the Drawings] 
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[0075] 

[Drawing 1 A] Drawing 1 
[Drawing 1 B] Drawing 1 
[Drawing 2 A] Drawing 2 
invention. 

[Drawing 2 B] Drawing 2 
invention. 

[Drawing 3 A] Drawing 3 
field by this invention. 
[Drawing 3 B] Drawing 3 
field by this invention. 
[Drawing 4 A] Drawing 4 
suspension active field. 
[Drawing 4 B] Drawing 4 
suspension active field. 
[Drawing 4 C] Drawing 4 
suspension active field. 
[Drawing 4 C1] Drawing 
in drawing 4 C. 
[Drawing 4 C2] Drawing 
in drawing 4 C. 
[Drawing 4 D] Drawing 4 
suspension active field. 

[Drawing 4 E] Drawing 4 E is drawing showing the production process of the insulated 
suspension active field. 

[Drawing 4 F] Drawing 4 F is drawing showing the production process of the insulated suspension 
active field. 

[Drawing 5 A] Drawing 5 A is drawing showing the modification of support structure. 
[Drawing 5 B] Drawing 5 B is drawing showing the modification of support structure. 
[Drawing 5 C] Drawing 5 C is drawing showing the modification of support structure. 
[Drawing 5 D] Drawing 5 D is drawing showing the modification of support structure. 
[Drawing 6] Drawing 6 is drawing showing the insulated suspension silicon active field by this 
invention. 

[Drawing 7 A] Drawing 7 A is drawing showing the production process of the SON device by this 
invention. 

[Drawing 7 B] Drawing 7 B is drawing showing the production process of the SON device by this 
invention. 

[Drawing 7 C] Drawing 7 C is drawing showing the production process of the SON device by this 
invention. 

[Drawing 7 D] Drawing 7 D is drawing showing the production process of the SON device by this 
invention. 

[Drawing 7 D1] Drawing 7 D1 is drawing showing the modification of a production process. 
[Drawing 7 E] Drawing 7 E is drawing showing the production process of the SON device by this 
invention. 

[Drawing 7 F] Drawing 7 F is drawing showing the production process of the SON device by this 
invention. 

[Drawing 7 G] Drawing 7 G is drawing showing the production process of the SON device by this 
invention. 

[Drawing 7 H] Drawing 7 H is drawing showing the production process of the SON device by this 
invention. 

[Drawing 7 I] Drawing 7 I is drawing showing the production process of the SON device by this 
invention. 

[Drawing 7 J] Drawing 7 J is drawing showing the production process of the SON device by this 
invention. 
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[Drawing 7 K] Drawing 7 K is drawing showing the production process of the SON device by this 
invention. 

[Drawing 7 L] Drawing 7 L is drawing showing the production process of the SON device by this 
invention. 

[Drawing 7 M] Drawing 7 M is drawing showing the production process of the SON device by this 
invention. 

[Drawing 7 N] Drawing 7 N is drawing showing the production process of the SON device by this 
invention. 

[Drawing 7 O] Drawing 7 O is drawing showing the production process of the SON device by this 
invention. 

[Drawing 7 P] Drawing 7 P is drawing showing the production process of the SON device by this 
invention. 

[Description of Notations] 
[0076] 

101 Semi-conductor, Substrate v - 

102 Insulator 

103 Suspension Active Field 

104 Air Gap 
113 Active Field 

1 1 5 Support 

116 Sacrifice Layer 

1 20 Active Layer 

121 Sacrifice Layer 

122 Substrate 

123 Insulating Trench 

124 Suspension Active Field 

125 Sacrifice Layer 

126 Support 

127 Air Gap 

128 Layer with which it Filled Up 



[Translation done.] 
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[ » fp a # © §g h ] 

CW^5i i ] 

a) ^»^ai4g±fcv;l/^g^5g^:^^-r^XST-3&^Ts K v ;U ^- Ji « iS % '}> < 
feiilfc itf^t y 7°®^^-ty N lit, 

SftttK«ttIJ:5TS-eo»«**t5. lit, 
d) Slif *IK65tI >y f-W* 511 t 

immmzi 

a) ^->'j3>I«l(;:7;VfSiI%f)gtsiif $, T> liia, ^ 

Xg „ 

d) Mv/iJ ^y^l/VX^Ag^jI^iftfcxy^yy-r^Xigt 
CHI #31 3 ] 

i s m <o X & o 

[»2R3t 4 ] 
CH 5 ] 

lib) lib 1) 4?efcStt5J$T-$^T, Ilbl) 14, »Ef!) 

o 

cat** 6 ] 

lid) Xge) *?5fca^t5*aT?*oT, Xge) tt , iffi->'J 3> 

T & o T , & Wt it it , 8->'j3i'y;l/7-9AI(!)lR(i5i?f>ytj:,tff)S«nft 

im mm 1 ] 

^ 3: ?5 L , ¥±Hft-r§X@T"fe§, W^^2fcia«c<D73rSo 
8 ] 

a) 1->U 3>lg±£?;l/fIig?;g^tSIgT$oT, K ^ ;b ^ S *fg it fci: , ^ 
< t. x. \£ # * f *r i/ V =1 > 7 ;W - V L.M . x ^ + t ;l/ -> 'J 3 > I v y — h r 

«#/S. y lit, 

b) £6 a h b>ffcJ:^TlSnftg->'j3>7^f ^Mig%Mt5lSt-feot 
. Ilgihbvfti, Ri'ijjvy/i/vx^iiotci, $ 14 K > y n y y ;b v - ^ 

d ) v 'J 37 v y ;]/ v - ^ a «: 31 Ic x y ^ > y ? 5 X S x 



(3) 
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e) &t&* v v y- * itm l . fsittsiii, 

f ) lf/W70f-K V - X , J: tf F U > I« % fl£ j£ -T 5 X g fc 
^Stt5, 7?feo 

in mm 9i 

fij IB 'J =i y ? A/ V ^ 9 A Ji © J¥ 2 3 n m ~ 5 0 nmOH7$5, If * 8 15 W. <D 
7? fe o 
[ If * 3S 1 0 ] 

ttRi/ v 3 y r l.m<o r — v iiisiimit 2 o ~ 6 o^-ty h^Kr-ss 

s If;£3l8KIEfc©73feo 
[If sf?3i 1 i ] 

M SB ^ 'J xi > g CD JP £ 3 nm~l 0 OnmOMT'«5> If 31 8 &c IB *c © 7j fe o 
C If 5R 9 1 2 ] 

* # ty , If * II 8 ic I B ft © 73 o 
C M * 3! 1 3 ] 

1 2 &c IB « © 7? fe = 

[ if # m i 4 ] 

lu SB &g ili h U > ^ . ItE^Jayy/I/Vi-JiliDt 5 n m ~ 5 0 nmTltOl 
C If * IS 1 5 ] 
7 y io -■*iS«T SII k , 

511 k 

«: "5 tr s Iff 31 8 SB fc <D 7i fe » 
1 6 ] 

IKEVUayy^T-niif f^^li, ^ x -y M^fy^T'Dtxti'jTlS 
[ If * 31 1 7 ] 

M IB v- U 3>y;I/-7z>7LIX7f^^tt^ £ JS '14 * V x -y ^ y if f a -fe * «t o T 
Isl2ti5, If *3i 8 fcEIRO* feo 
[ if * 3i i s ] 

lib) fllfclibl) ^J^cSttSJSfJot, lib 1) hu SB U U 3 > 
y;l/7z^iiO-»*IJ?tttxyf >yt5II1?fe5, Iff 3f 8 IE Sc © 7? fe o 
[ If 35 51 1 9 ] 

I S d ) Oftlcll d 1) l:f5lcStt55i5tf J^T, lid 1) M IB ~> U a V 

K K ft fc* , m D nyf;Wx^Al©I^^X7f i^TfffiicSnfcx7^> -y 
7° £ , gp # W £ fc & £ £ 7E « "f 5 v I S T 3 * Iff * 3t 8 SB »t <D 77 fe o 
[ If 3j< 31 2 0 ] 

MT IB $/ U X7 V • * y • ^ -y v- > ^ x -> W * O h0 SB V - 7, «t tf F V -f y m « fcfc > ft jg L 

f; y-Xfe J; U" F l^f yfSTS 5 , If 3* 31 8 ic IE « <0 7? fe o 
C If ^ 31 2 1 ] 

ffi SB •> U xi y • * y ■ ty>>yf;W7tt#yi'ij3>y- F*tt5> If Sit 3f 8 

IB o 75 ii- = 

C If At? 31 2 2 ] 
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m ih -> v =i y • * y • -r v *s y ? -r 4 x it y iiy-^tts, it m s ic re m © 

[ 0 0 0 1 ] 

*f§BJ!te. ^^ft^^Xfe^tf^U^^-^^-^^^aU-* — (SOI) x / w 
[ 0 0 0 2 ] 

i^Un> • 3r y • -< y is s. \s — — (SO I) ISitSI^ftfcMO S F E Tli, t% 10 
«T?aBSftH©***fU^*^fS 0 SO Ilfitt, ;WH->'j3y^iA!:, ^ © ± © 

[ 0 0 0 3 ] 

tit), h 9 V S- 7 X © * & mm ffi flS £ , f y^Sg^Sfc^o 18 ft Jl 1* , h 

IfftSCtSlJtttSO'e, h -5 V V s X £ # «fe D /h S < ft t) N «fc ») Si V IB ft «y * 

^nsdfc^nrtgfcftSo 

[ 0 0 0 4 ] 

5 OnmttTtfel^CMOSgftfe^T, 3 - h =f- -V * ;l/ $J * B& <* ft #> lc % 
U3^^-ir*.;l/*J:a t S«>5i»»{t<»©ffSttx * tl ^ tl . 50nmfe±tfl OOnmi 
9 fe "T t »¥ < ft 3 *fr ^ ft 5 2E> 3 <, ^'JnyiOiJi^nmT, S «> & # B ffc« <D J* S 
2 O nmOjgSO l li, C M O S ©i/jMDTItf 2 0 nmf t^-^ST, ^H-hf-t* 
/HS^iatSt^^tLfl^o l^L, U 31 ;/ J; t? ffi & & ^ {fc $J SI © JS 2 fc O 30 
^TOilll^IfKi, SffOS O I ^inOSIffit4aATl>5. £ S , f/W^ 

5*iSc:i:tf-??#So ^iioifeffiv^it^tt l t?$5„ Utt, -yjayiOTlci 

SON) f/W^fcftfH5. iiWtltStiftr/UXto^TOS ON X > 

= a U — v- 3 V , 3. 9<Dll$%St§lJ6iA^i{ti?:f t5 S O I tO* X t. it 

^ltir]±l fcM^^-r ( # ft £ 1 * # m) o 

[ 0 0 0 5 ] 

y-xfeiD* k t'^yf «^istgi?nfc et^fts oNf/uxossynt^ 
x © « » , j; t> is v> * £ v - x te «t zf f i/ y m m , ti t # a , Ectm^is©^ 

^ ^ X ;!/ - % ft © S & iC ~D ft t> f# 3 „ 0IJ * fcf „ # # fF £ ffi. 1 x 2 33 «fc tf 3 Jfe # SB £ tl fc 
[ 0 0 0 6 ] 

B l A tt . t^SiicJ;? S 0Nf/WX?,7t o S O N x ; W X , -7 s - b « Ji 8 i; 
, hSS*ft:7i:, V-X4i:, f;W7ft^;l/6?^t5Fb^y5t?, 7-X 

fe«ttf Kl"f V©gft»4 afeitf5 a tftt, 5" V 3 > g ® 1 ± lc # tf e c <D S O N x 
M X l± , h U>f Hift3 (ciotlgl^n, x 7 ^ -V y -f 2 ± T M f -5 » LA' L, 
x 7 t f y / 2 l± , f/UXft^wU V-Xfeitf KL"f >I1SM afeitfS a 

PS 5 tl £ o V - X 4 *5 «t tf F U y 5 « . ft M L T v V => > fi K 1 8 St 2 tl T V -5 50 
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[^iffFilR 1 ] R- K o h, TBuried layer engineering 
to reduce the drain— induced barrier lowe 
ring of sub-0. 0 5 \i m SOI-MOSFETj, Japanese 
Journal of Applied Physics, Vol. 38 (1999), 
pp. 2294-2299, Part 1, No. 4 B , 1 9 9 9 ^ 4 J! 
[ # fF £ i$ 2 ] M . Jurczak£, fSilicon-on-nothing ( 
SON)— an innovative process for advanced 
CMOSj,IEEE Transactions on Electron Devi 
c e s , Vol. 47, No. 1 1, 2000^11^, pp. 2179-2187 
[^111^13] S. Mo n f r a y & , fFirst 80nm SON (si lie 
on-on-nothing) MOSFETs with perfect morp 
hology and high electrical performancej, 
I EDM Tech. Dig., 2001, p. 800 

C # «p fF £ M 4 ] T. S a t o £> , TSON (s i 1 i con-on-no thi ng) 
MOSFET using ESS, empty spac-e in silicon 
) technique for SoC applicationj, IEDM Te 
ch. Dig. , 2001, p. 809 

[ 0 0 0 7 ] 

[SgM*»i£ir 3 fc J6<D^g£] 
[ 0 0 0 8 ] 

-Jr&oT, a) *§*ift±tY;VfIiS^»^t§IlT-;&ot, Iv/Vf Silli 
fcttKHttJlJ: t> T£T?©8***-rs, lit, c) I7^f ^IS^I^iftlS 
[ 0 0 0 9 ] 

ji-rS7?ffiT?a5oT, a) S 'J 3 >Sfi± t v;VfIi5fi%^)S t 5 II f $ & 
v ;U =f- m m £ i± , i:tS"J3>v , ;VTZ'>Ai*jJ:tfS/'j3yl*^«J, 
b) IgiM^yf t ioTif nfcSi"J 3V7^f-<7l|lS?:f itSIitfeot, 
aZi&M- h l/>f li, Ki/U3V7 , ;Wz'>iiotc5, S tt ^ V 3 > ^ ;U -7 ^ V A 
jB«fct)T3:-z?©at2>&*f-r^ x a t , c) iy^yT^r^li^I-yJnylS 

[00 1 0 ] 
[00 1 1 ] 

St §2 U 3>g«, xtf^*i/t;Hf Ciotf ^?nrfcii/\ 
[00 1 2 ] 

lib) <D it fc , lib 1) ^^^itSa'tsSiiTS^Tv lib 1 ) fi , hu 15 v U 
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[00 1 3 ] 

I8<i) <DtIfc. IfSe) 5:$f.fcatt§SfeTS^T, lie) te, 8G 13 i/ V 3 y 

xT^+y^l:, 6<J £ fc tt^^fc3t*-T S 1ST- & o T fe «fc </^ c 

[00 1 4 ] 

[00 1 5 ] 

# ^ m§ tc «fc s # a 3ysfi±oje«?nftsaj"j3>7^f 7*8oit 10 

IiS^IIt§I@T!&7t, Sv/l/fliitt, < £ j: \£ $ * 

Un>f;W-^AI, i^ + i/t;l/->'j3yg ( y-h^tftl, 
^r^ty, lit, b) »||H/yf t±oTl$nftKf >j3j/7^f -f ^«*4f)St 

3 )V ■}? AS «fc t> Tl T'Ogl^ * ft 5 , lit, c) 8 5"j3^7^r^I« 
?:I->'JnyiItHf t5 1i0 7>A-4«it§lit, d) ^ y 3 >y ;!/ v x 
^AI?:I^fi(tX7f >^t5Igt, e) K*g^ h l/>^^56* f Sftt5lS 

c n»c j: & ±ES«*iij«-r *„ 20 

[00 1 6 ] 

WfS^U 3>y";l/VX^AI©I?ii 3 n m ~ 5 0 n m©Mt'$-ptt> iV\ 
[00 1 7 ] 

ttitE V ^ y V ^ — <?> 1± m ® V* — V L. m M It 2 0 — 6 0 — -ty h <Dm-u$>-D 
[00 1 8 ] 

Mf3^yr3^M<DP^t±3 nm~l 0 0 n mOHT*? T t. J: V\ 
[00 1 9 ] 

&ft h U^fti^TU tiS 'J3y7^f^ 7 ffi & <D ffi. J& It ^ 7* h'JV?5 

'J V^77^iaoTiIitlfcfjifcJ;oTS-iSn4VlM4i7f 
"a" A, £> «fc V~> 0 

[ 0 0 2 0 ] 
[ 0 0 2 1 ] 

MIBISih U>f ii, ItEfUn^y/VTz^Af J;5t 5 n m ~ 5 0 nmTSTOg 
[ 0 0 2 2 ] 

[ 0 0 2 3 ] 

HU IS S' y 3 > y ;U y x Ail7f>if(i, •> x Flyf ^^7*D-b7,ti?Tl| 

[ 0 0 2 4 ] 

hu IB ~> y 3 > y ;!/ v - A M x <;/ ^ > y fcfc „ £ JS 14 -f 4- > x -y ^ > $r t" a -fe x tc «fc -o T 

ifi fiSc £ n r £ «fc o 

[ 0 0 2 5 ] 

lib) <D fc I i b 1) 5:?5tStf S^aT'SoTv lib 1) tt tu SH ~> D 3 > 
y ;l/ V x A g <0 — of?: UR W 1 1 7 f > y t 5 II t' $ -j t i l\ 50 
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[ 0 0 2 6 ] 

iid) oiiciid i ) % tz e> iz -a -a- -r s 7? m r* & o t , x a d 1 ) a w is y n > 

& m it It , i y U 3 >' y ^ V x ^ A i (D I « W x 7 f > ^ t i o T i e ft fc x 7 ^" t 7 
[ 0 0 2 7 ] 

[ 0 0 2 8 ] 

WEf • • ^>yf/W7tt#Ui"j3yy- h**UTt» 10 

[ 0 0 2 9 ] 

Iff IE ^ y 3 > • * > • t7y>^"f;U7(i, liy*- F ^ t L T t <t i;\ 
[ 0 0 3 0 ] 

( 8* B£ O S @ ) 

* & a , y'jnyigs^iT^t ioi«i?nfcy-x, k u -r > te £ 

f- * * * * f 5 S' 'J 3 > • * > • * v *s > ^ (SON) f/WX^IItSSSS; 

8«t5. V — X, K ly ^ > 33 £ ^ + * ;b IS £ ^ £? S ON MO S F E Tf'WXli 

, mm z ft is y a > r ? r- ■< -? mm o ± iz mm £ n s . ^i?n/ti?iy v 3^7 

^f^7IHSl±^ I07^f 7"y'J 3>IH^5y'J3y7^f^7ia%ity h U> 
[ 0 0 3 1 ] 

ISya-fe^^riS^ns. * * y y'Mfe «t tf S B % # ty v;!/^®^ ¥##S*£±fc 
ll^n^o ^ <D ft . 10lJR«tift8(*«xyf y^tSi: ktioTv v;V^ 

ttx 7*f-f 7«*%«fi»t5»fi*hU>f 4»)lt5. xyf y^^nfclgiKPyf 

X-y^^y r r^t3|^<tuiC7*^X^y'fi«C^@St-^fc46(C^J^$nSc ^ iiS 2 ft 31 
[ 0 0 3 2 ] 

*:fgB§offli(D^ffi(c33^T. *?§BJ3tes ~> U a > S & ± (c fe 5 „ iff S ft Tc S & y 

:/Jl*:S5fc:^trci:tf#SLv>o i/y3>7*f -f 7SHSB, ie^ + ->t^y 'J a ^ 
y;l/?zi)AOHtlO±l:tti?n5, xe^ + yt;l/y'J 3 V, y — h Sf *{*: «t 
* + 7 7l07;l/ffT*$5 c ttfW& l^o' £ ft i? ilS U n^T^T^^ ^ «g i* © 
8S7nt^li, v" 'J 3 y y ;b t z 7 i» fc i; tf y 'J 3>l©T;l/f-l^?iPi!ip2tl5o V 
7b f- « ti . y - h 81 « ft £ if * ■* y 7° 5 * 2 6 -g- tr c t j? £ b „ % <D ft , *s V a 

y a :/ 7 * x 7 «tt fi£ S ft 5 «, x>y^>y«, yijayz^r-f 7I«©Sv(0 40 

r.^LIJ;n5 nm~5 0 nmTTS5Cfc^!iflL^o © ft , aft<07^*-*\ 
y D>y";l/7z 7 AI?:IKWicx7f vytisuC, ~> 'J 3>T^^--f'ri««*^'J 

3Vifitast5fc«)t«a?n5. * © ft , ,ii h u-yf (i, s«?n, vaitsn 

ft 5 o 

[ 0 0 3 3 ] 

± 15 © — 31 © y* a -iz x © 5fe g 6»J fc *s v-< t „ T > io — <DBi$.<Dffilc, y'Jnyy^vzy 
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^ > y -r & x *§ <d r& ic % uiftigtfjf A?nf#5o % a ft i a u » gg a u y 3 > $ 
-r * x x e ^ + t ;b •> u n > ©life- ± &* V n yiigo±a% ift ^ 1 1# ? 

mm it Jim it, i/>J ny^;l,-7x^AI(Dl^«lxyf >^|cj;,r^ijnf;x7*> 
% jft S b fc - & it *s V xt > Ic £ -o T gp^ #3 S ft fi tS ± {c 3E « L If 5 „ 
[ 0 0 3 4 ] 

f'J^Vltt, iB + ^t^y'JnyfifeSaA^IK, 3nm~l0Onm<D 

;Wz^AT*$5i:J;tf0SL<, 3 nm~5 0 0 n mOfflOUflSC ttf jf S L< 

x 3 nm~5 0nmOBOS«?a55£i«iifeffSL^, -> y n y^;l/7x^ Affc * 10 

siff^x vf $ * frmmgkftttmm-r ztztbic^ 1 o%~7o%©MTa6sct^»$ 

L < , 2 0%~6 0%OP a H"$5Ct^ItffS y-Mlftlli, tftS! £ fc £g 

7 /I/ 5 — * A » ^r^iA7x^i, Sfciiiineottf ©a^t*{fOh i g h-klt 
ft«8tfitetu\ ^ty^Ki-, # y ~> y 3 y ? - h >r x te ft ^ t it # y ^ y 
nyiT-S5<:i:tfffSL< % i 1 - h f.;U x fc ^ t ti # y •> y a y , — gHbf y 
3 y s fttiHt^y y 3 y t$ 5 c: t^jf$ 

[ 0 0 3 5 ] 

T 4 7ffimi5&TfTy*]-<D^$--Z/<!fxmte. 7 * h U J? X h 3 - x > ? 20 
« *U 7* h^^^OTTU VJttlitStit, /^-y^7* hV7^57* M/^ 

7 h±tg??na, 7* hyy^77^t.i:^T?Tbnsci:^jfsiv\ 7* H/-; 

, S ^ 14 ^ > x -y ^ y ^ £ « <> x -y hx>yf yyti^tjl^jnSCttfjfSL 
[ 0 0 3 6 ] 

» -yj 3y^;l/7->)AIj;t) 5 n m ~ 5 0 n mTfc 45 C kffi t jf * 
[ 0 0 3 7 ] 30 

r i; a -i&f&it, t z/f3-mom.m'&. 7* h y y ?77^i,Tfffcnu fc## 
slv^o 7y*-/^-ya, 7* hi/^xi>j- f-fy^t|??n, i^fy^n 
t±v 7y*-;^-y^7y*-ii:fi?Lf#5 D r>*-«fcu -»<t^y3^sfett 
Sft^ysi/^ifoJfiakWSTafesefc^ffSL^. yy ay/^f-f 7Ii©Ttx7 
75:f ^t?J;?tv'y ny-f^v-^A^xyf y^-Jtif 5J;^(c, T -y ts — 
it, j/ijayy^f-frHSJItl, fro, y 3 > y° ;U v x -> A t + # * 7 * -tr X % 
S#t-T^o yjaym^-Jiiyfy^ii, SfSte^yxy^i/^fcj^T, * fe 
14 , N H 4 0H/H 2 0 2 /H 2 OOi^ljRftx^yjfSStf ^5H, 17 n 7 

[^B^^^S] 40 
[ 0 0 3 8 ] 

*5§0J©-fti2©^® fc fev^t, *$§93fcfcs ISi?n/c:i?|y'ij3y7^f ^7i^lt, 

SONf^WTsSSItS^ntX^H^tS. SONf/UXIi, 3£ © S 0 N 7* M -Y 
X fr 5 . »D4itJJ6»M/yf-(:j:oT^±fc«!»sn, -y V a yj ^ f ^ 7i^T<?) 
x7^^y7lcJ;oT^itiiJft5. S ONf/Wxoy-x, FU-f y, ft J; 
+ |;H«Oi7^ty7«lli, 35 ft fig x / W X % ffi ft "t S „ 
[ 0 0 3 9 ] 

S O N r ^ W X 1 1 7 D t X Ic i/ 1 T , -yy ay/^r^ x tf £ 4- -v ;U 

y 3 > y ;U - 7 a m <D ± fc tt m z n s , xt^ + yt^y y a y v y-hMftfcitf 
*t»y yiOTyi/fiTSscttfjjj xe^ + -y + ;i/y y ayftfi, h -fit « ffi 50 
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% m bp t % fc & fc , F-/^M&tfaA?ti5atf!if^u\ ie a £ ft fc w m ~> V 3 > 

7 7 r- ^ 7' fci $ <r> % fig ?t , S ONfVW7,?:^fixtl.fti6lc, SfiOSl L"^;KO h 7 > 

->* X ^ fi 31 7° o -tz 7, *Mt to ft W 5 o 

[ 0 0 4 0 ] 

S ONf/W7li, * 'J -> 'J 3 > h f/W 7 t fc(i#If - h f^W 7T«$ D i 5 

[ 0^ £ Jt J£ -T 5 fc 46 © « & <D fl£ II ] 
[ 0 0 4 1 ] 

# ?g bji a , ¥ « & s is ± fc , &e*t£ftfc^^777^7fsigio£^;t.r573&%pj^-r;£> 

0 »a«nftsai7^f^7iiB«tt, z^f^w^is^ x 7 * v 7° ±.-vnm-t % 10 

hU^?-*fi*f*fcJ:^T*6»Sft5o x 7 ^ ir y 7° It . ttttttft*P&S!££tU "tOtkM 
JR Ift fc x y =f-y 7* £ ft 3 o *^JSjtfl*S£ftS*£fc7*x-f7*fl^tf#^±tf5ft«C. 
t * 85 <" fc 46 , l«954iyf>yilOttfc, 7 7 ^ ^ 7 ffi % S « fc ISt S > « ft 
©T^fc-tffiliiSftSo fOi, 7 > * - it , «OI|fcfe^T, s§ * «■ » fc n it 0 f§ 

[ 0 0 4 2 ] 

i2Ati, ^ * & g & 1 0 1 ± o , ^ftmic £ zmmz 4 rm®. 1 o 3 

^it. mmz nrc&MT ? ■< ym® 1 0 3 a , 7^f^««i 0 3%it?5t«?n 

fc h U^f lift 1 0 2fci^Tfgi?ti, X7^t7?l 0 4fcj;^T^«#S« 1 0 
lfr6*fi*SftT^S. #2S777^7*S*iSU 0 3 te, S»Snfc b U>f Jfil* 1 0 2 20 

t ±^Tj|$4tlTV^5. @2Bli> hbyfilftl 0 EICi'jTlJtlfc, <S * <£ ft 

fc??)t777^7*figi§2l 0 3©¥B@?:ito 
[ 0 0 4 3 ] 

m 3 Alt. 4i$£Jf 1 1 6©i-yf y^OffitJ^f-f^giSl 1 3^5^t57y*- 

1 1 5**3-5. ftfc?¥>S7 * 7 w 7* M « #f it £ ^ „ COHt6V>T t h U V 7 

1 1 2 $fcS«?ntfe5f , T. 7^f^^Iil 1 3 tt, 7 1 

1 5tj;oT$lfJnTV>5 0 13 Btt, 3£ 7 > # — 1 1 5 fc«t, 7 7 7 -i 1 7* ig 1 
1 3©¥®H*^-To 7 > % — 1 1 5 It. i£ *r * « /ME L , ««Jl'\©r*-fe****: 
PI fc "T 5 <L £: fc J: o T , Ittll 1 6 Oxyf >^*g)Htt5J:5l<:Stf*tiT^5o 
[ 0 0 4 4 ] 30 

04 A ~ F te. *§^KfcJ:3«l»«ftfeSifi7^-r-f7*1iB«fl!)^^«:«ifixe3£^-ro 
04Afc^-r.£-5fc, 777^7 r Ml2 0:fo<£t?1i^Ml2l£^fr^/l' ; 7Jl*Si£:6 ,: , ¥ 
gftSfi 1 2 2±IC«aJn?o 0 4BtjRtJ:5(L, 7 7 7 -r 7* St «c 1 2 4 

„ X-yf >^?tlfclfiih>^f 1 2 3tt, Itftl 2 5©K4:A/£*Btti£'e, C <D 
121 5^ -T J; 3 tc . % & 0HK 1 2 5tftt, S « 1 2 2 ©-» t ftUUS'SS C t tfff S U 
v^ 0 7 V*- 1 2 6tt, @4Cfc^-T=fc-5fc. *ft*Sftfc?¥3fi777-r7*««±fcfi!j§S 
ft, «S* i? iSE 7 * x ^ 7* ffl « 1 2 4*BtB^ftfcS«l 2 2tglt5o ^Ot, H 14 H 
« 1 2 5 # » IRfilCl^y^SnT, I7+>771 2 7tff fiEJft, 04 Dt^t 
J; -5 fc , T yfi— 1 2 6(C<toT$jtJtl2i^iStlfcgl7^f'f 7"i)5El 2 4tfSS 40 
ft 5 „ 04 EtitiH, .36 SI S ft fc B 1 2 814, 1fji±&<D±fctf;«£ft, *6 » h U 

> 7 1 2 3%7t«^i±5c «'ihU>f<D**#ll, iihbVf 1 2 3 *^^ic?t«t 
, I7^*fy7l 2 7*5S^fcH:?S«L&i^Cfc#$?SLV^„ 75 41 W M: > x7+>y7© 
it X % ft 7C PI fc f 5 fc 46 V " X 7 3= + y 7° 1 2 7 <D 3fc « K /Jn PI fc * 5 C t ft «t t> $f * L 

^ o torn. % m m 1 2 8 & . ^ w w ¥ a it -r 5 7 0 d -t ^ , 01 ^. a > <t ^ a m m m c c 

MP) ^ffltUf i(k?n, i4 F(C^ti9lC, 7*f ^7H8l 2 4 
Jtl5„ ii?nft^S7^f ^7f« 1 2 4 14, x7*"+77l 2 7 ±%glt, Jl t> 
* , h Is y 7 IS .tS {* 1 2 3 fc J: o T ,t6 m ? ft s ill 2 2 ^ e 14 , X 7 ^ ^ -y 7 s 1 2 7 fc 
J; d TjfiiJ tlT l/ 1 5o $g flt 5? 3£ 7 7 7 ^ 7 & % 1 2 4li, C C V It , CMPIII<07 

> * - 1 2 SOS'JtfttC, 5E « $ ft fc h U > 7 & I* (* 1 2 3 «t o T X ft £ ft 5 „ 7 > 50 
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*- i 2 6 <omv «±s m vtiHfrzm&znT^zm-Bi. h uyfiift 1 2 3 
tut § 0 

[ 0 0 4 5 ] 

02 A, 3 A, *5 £ 4 F it s BB. £ ft tz U M 7 * T -f 7 f® $ <D N * 1 O b L X ^ 
[ 0 0 4 6 ] 

*±ff4C20IIfl , H4COftt)t>ta:t)ll«. 84C Hi, Ty#-<9^^<Dfuk:Jf 

&*5Il%ito J?jSMH?1 2 4^^ 
#^3fc#£+#&£SD©1l ! ttSHSU 25*SLT, ISf^l 2 50-gPl 3 0 tfx-y 
fy^?fi5. ^'n-bX'OcO^i^Mfci^tv B 4 C fcfett 5 7 ^*-*JS^o -b^tt 
s 04 C 2t*VT, ieiStxT^t-^l 30tf$3«»f, 7^*-126tfg 
mm^. 1 2 4$J;lfIIl 2 2 © t) ft ^ T V> 5 C £ tfm % ft 3 «. 7yiJ-SS^Iit 

[0047] 

7 y t> — f ^O^lO^lf i*^5 A~5 Dfcf 0 5 Ali, x 7 * y 7" 1 

3 6 a±(D^i7^f^7I«l 3 3 a02O©Mffi^a«l 3 1 a (cSJf 1"5 2 007 
V 1 3 5a^it. @5B(i, x7=£^ y 7 1 3 6 blOgilT^f ^ T^IS 1 33 
bOl-PCfllBaO^fcSIEl 3 1 blZ%.W? 2> 1 O © 7" V * — 1 3 5 b5:Sto ^5 C fc£ 

N x7^t77i 3 6 c ±(D : mmT ? t- -f ymm 1 3 3 c©2"oo«isi-raffl!iffi*»tEi 

3 1 c t Jj*t5 2007^* - 1 3 5 c5:ito H 5 D tt x x 7 4= y 1 3 6 d ± <0 
WM~T Z r- J 7 I 3 3 d<0 2Of?)II5:ISl 3 1 dfcJttS lOO^^ftTy* 
-1 3 5 d4StHT?$5. j?I7^r-f 7^«5:S}ft§7y*-(:feV 1 t, MB© 

BBpas^TJfeaiR-rse: t & < , 7 y % — m&o-s z ft c 

[ 0 0 4 8 ] 

Js? © S! >g T* & So let ?nfei?i^'J3y7i'T^7I«{i, i/'jnyioi^ + ^t 

,n 2 0 2 t, ?— v mmwm 2 0 3 1 , y 7« 2 0 4 1 Htj^hu^a 
n& 2 0 5 fc ct Tissue ft, ^ y =1 ymw. 20 ofr&i7f fy7 2 0 1 ic «t ^ t^i 

£ ft 3 <, H!**5' j r^S"J3yf 2 0 214, 7*^^^PItt«ffi*»IS|S-rSfci6U:aEA* 
ft » § o 4^ -v y 7 € « s h'f V >"J nvr/UX^Htlifcftlcf'J ->'J 3>IT* 

g,TUVU tl^"- Hr;WX<DfijltfcV^Tii, C M P 7 h y 7 M £ L T > #U 

[ 0 0 4 9 ] 

^nwommz ntcwwy v ay 7 * 7- ■< 7 sb « © « st 7 p txti, artissn^ 

0 > y a y x S ffi 5 H # L T » j/ijnv^-^AOltfiUJ + ^t^tas 
ft £ „ ^Oi, J/Un^IOSStfS nm~l 0 0 nrnTSSC tiCjf SU^, S".J 3 V 
© X tf 3? * y * ;U Ji # *t 81 £ ft 5 o *SBWOV><0*»OJBffitefeV«T» ^ — h 

y V 3 > fi & it % lc m < , !2fili:$£bT^4ol|&, i/'jaygoit, * © & * * 
A «> 5 fc 46 . £6fcS*tfi#«£ti»S. * 7c, tti<7n-bXIi«, » 2& % <* 

■b x <d it n % « m it f % tc #> s fjnyiiKciStiiisnss. Hflfi«E«rassi-r 

H^vaAIItt- i f ^ + •> + ;b •> 'J 3 > t| i 1 1 © 1 1 R b ft tl 5 . * 'J -> U 3 > 

y — h x ©s □ , ? - v mnwm is £ zf ? - h # v y v a y m & . x tr ^ * -> ^ ;u 
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>Sfc(iHt-> 'J nyfifoy- hltftfcitf CM h 7 7 , I^, tt9Snf#5„ c 

MPXh-^ll4< ffc*«*«PS (CMP) X*I& E co ft S*J t ¥ S <t ^ £ X S fc & 3 
, ¥ ffl it 7 h y 7° lc m V £> n £ c 
[ 0 0 5 0 ] 

IttSi: tt'>'J ^^y^^-7A©ltfIlR?ft5. * € & ?> s ~> U a y r' ;b v - -j? 

t x 7 f y y ? ti If 5 6 T? £ ^ o / w xsitfeV't, -> y 3 yy^vx 1 ? as, i/ 
ynyfcif ^SttStv^ £ 6 & § f U * * W L N i^ + ->t;^>'J a > S <o il 
gJBtascfctoitfs. y 3vy;i/7r')A®oy;i/7-')Atfitt, 1 o ~ 7 10 

0 % © R8 T* & t) n . 2 0 ~ 6 0 %T'6§ c ttf!f S Ll/\ y^vz^LSf Itffi^i^ 
s *g ? O- -f ^ 4> & < , fi£ o T , xe**5' + ;l/5'ij ayifa^J: t)SST$«. y ;b v 
- t> A ^ W * & « ^ * ^ , ->'JaytMt5x-yf y^IRttAU x 7 4= 

IS ? t co U- ^ A, fc y a y ^ v x^ A % fF fig "T £ <, y 'J 3 y ^/Wx-) A^i^I^ J; 
t> t> /P « , y 'J 3y^;bvx^Aff)i?a > yij 3yy;l/vx^AoiFiffif ST'l 
fobi,tlT"iii?n5x^^*-> + ;v-y y 3y^iittf 5o fi£ o T , f'Jn^y^ 
T-^iOiJa, Bl?f S±n*<4«i5£llRSn, yij3yy;l/Yx^AOl 
fntfiE^&V'iSfrSilfctfiffSl'V'o y y 3 y^/l/Vx^ AiDfJtt, 3nm~5 0 20 
n m CO nfl -p $> 3 C fctfjffj bl/^. 
[ 0 0 5 1 ] 

v;V^Jf tl^coif Si, v ;l/ ^ Jig ^ . S/ 'J 3 > 7 *f -f ^ifc/^-->y 
0 ;^-zy^lgOffJ Lv^nt^tt, h7A^»»67* M/J^7h 

xi-7^^>7"fclE¥-r57* h'JV^57-f ft!W^;7* F'jy^77-f 7o-t 

7st*5^T, v ;b ^ /S «u 7*H/^^M?3-f-fyySh> 7* H/-7ZHB, 
7* h-7X^t±tttUV^£S3t^n, * <0 t£ v & « £ ft 3 . 1^5n57* h 
CO * -f 7° s 09 7t tf s *iff 71/^^ hSfttt^^f ^71^7X Mcfe#LT, 7thv 

x ? & z <o 4 * - *J tt x 7 * h u s> x h ± te , si?-7*f ^^fcii^ff^tgf ?ns 

30 

[ 0 0 5 2 ] 

^©m. is v 3 >t ? t * 7m®*m&mm h uyf-tf, — — ^-fs. ntc v y a > 

7 7f -f 7I«^X7f y^t^i: J;otS5ISti5, tfi ft h U > ^ « , >"J 3yy 
;l/yx-7AlcD'>4< kfe5&H*Stllt5o ffi ft h U > ?- x -y ^ V 7" it . S/ y a > x* ;W 

^7Aiiftt, >-y 3^h4r-^©* — a — xy^**in*fc#*srai2f , &s c t^n 
b^o ->'j3ylfi*-^-xyf s, yy 3y77f^7fiiA^^til?n, 8tv> 

Iglfttti^I^^fDf, 1 0 nmOSJt^Df 5o *9 ~ - > ? Z tl fc 7 * h U *J 7 h 

a s ft h i/ y f - x 7 f y 7" t fc i/' 1 t , y a > 7 7 x -f 7* fli is? * u. m r « „ y a > 7 

7 x ^ 7* « © J£ $ It » 7 * h U 5> 7s Mi;«?nf 5. 
[ 0 0 5 3 ] 40 

V a > T ? J T'm&^fcJS.-t Z> rc&lc y y y 3 y y* ;l/ v x -7 A I ^ x 7 f y ^ 
ti^tiOtfrnSstlc, 7U 3yl^}f^±tf t*R<*fcJ6t, l£lcl$ 

lit, StK y 'J3yr;i/-7x>7ATlox7f y^icfc-^Tv yjnyTJf^ 
in « % 3£ J* f 5 o 7 y * - W a , y y 3 y 7-"^v x >7 ATI ox 7 f y 7* t fc^ r x 7 
f >^S*i«c t*B5^ft»!)t, y U 3 y -if ;l/ t x >7 A i: (i I & 5 o 7 > * - # ^ t± , - 

is ft ^> v xi > ^ if co ft # ^ t? 1 ^ 5 c i: ^ J? s l o * -if ^ e> s ?-7t5c tia^t, 

7y*-A , y tD-hbyflfil^SO-gPtiyllSfrST'feSo T > 7J — (± , X y =f- 
T t -fe 7 Rj ftgtc T Z> «fc 3 *c > v 'J 3 yr^^x ^ At L Tt^ftMPoP^lt c 
t tfff t L^o 50 



(12) JP 2004-349702 A 2004. 12. .9 



C 0 0 5 4 ] 

7 > ii — Ms. , ttTOi 5 tB!I?ti5Cfctfjffj L^. ~ Wt it is U 3 y * fc fci K -ft ~> U 

3 ^5sojg**rs<Dw^7 ^*-»*«-iBfcitasn* 0 7 ^a-jiojss 1 o nm 

~5 0 0 nm®IB]T?25SCfc:G<#£l/V» o 7 > £ — % v"J 3 J; [f SfiOSJ^ 

« 5 „ 7 > # - /i , 7i Fy y^7 7^llfcj;oT;^-zy^?n§ci: 

mvucmm-r zm&vr y * n% . 

[0 0 5 5 ] 

7 is ft — <D y 3 > ^ ;l/ v x ^ A ^ x <y ^ >- ^ T~ IX D Bfc ft T , gI->U 

Y7l*tf}g)SSft5o ^'Jny^^Yz^AaiT^t 7 7%f^t5ftii)t^ 10 
£ fc x -y 5^ ^7 £ ft 3 C t^fllV^\ v-U 3y7?f-f7SI<!)Tfcv"J n>^r;l/v 
— ■>A03E^a^:^-rj;'5fcg|5^^{cxy^y^$tlT i fc«fcV^ 0 7 y t> — « , ~> >J 3 > -7-* 

«n5 i 5 tltf-JtlS C t^fff LV\ v-iJnyf;l/?-^A(Oi 7 f yyg, y 3 
>fcJ*LTljR«-p$5i: fctfjffSUV^. N H 4 OH/H 2 O 2 / H 2 O <D *i "8- $^ # % jg 

^tf £fc, -^Jny-y^vz^ii^iKKtx-yfy^tscttlSJniSo 
[ 0 0 5 6 ] 

iy y 3yy;Px-x^i(oa3^i 7 f y^offtoig^^ 7>A-Of SOifcjrbn 
»S. ^ U 3 y^ivz A tt % f;V7x^i»g ) 6^ 0 f c g5» ! t ) ^§«i T .yijnyy^ 20 
v — «>A*'\C£"&SJ:5fc N g?^6«iti>y f >^?n#5, 7 7 f -f 7 S « O + IB <0 
'J n^y/l/'vz'JAOIDOgp^fi, y u ny77T^7li*^^±lf5n5C t^K 
^fefetlV^tlS. COSSfltfe^T, 7 — M if 8! If ®tfck , is 'J 3 V - <> 

A <D [H]g(5(D3f5«% K& <• fc *6 s — » LI¥%^ (not too conforma 

i) ci:wsu\ 7^ x-emt: ft seams man, 7 y x -m (ommvfcsbic&z 

o 

[ 0 0 5 7 ] 

t-©^ mi-b>fA^»jn, ¥fiftsn5„ 5S* £ ftfcM 7 y x -m nmu 
ttUT-frz c l < s -«ft5/ y 3 y$ fc«afl:s/ y 3 z<DmM#m?3Q 5 c 

OI^ fifths II5¥|fct5 fc&fcff =b*U + t'y7lxt«7>h7^?n5„ c c 
T? , is 'J 3 > JS , x7^t77Clli:!?IL, II M/y f J; 0*x7 f t 7 7fc J; 7 

[ 0 0 5 8 ] 

*%WOiO»S Li^ffiSitt, V - X 15 J; F lz-Y y i^tf -y y 3 y ftl 
£ ft fc is y 3 > • ^- > • 7" -y is y ? (SON) f/WX©IJgt$5 0 m m £ ft V - 
X, Fu^y^iO^"- MS^ttrS 0Nf;U7(i, ti/cgl y 'J 3 >7 7 r 

-rmiie±fc§Si3iSft£o 

[ 0 0 5 9 ] 40 

87 A « , i^fT©S^b^;l/OT'n^X^ffiv>T^il^ftfcV;l/ ; 7g^#^^iig^^-r 
„ v ;U ^ m m 31 fct , y*-ht;'jyjayoi3 0 4t, y- Mtftci3 0 3 i:, x e 
?4^^t;b>"J a yf 3 0 2 fc , xtl^ + y-y^-yij 3yy;b?z7ig 3 0 1 fc , -> 
'J ny^iAis 3 0 o±t#tf„ x t? * * is -v ;u s/ y 3 > ;b v - •> a s 3 o 1 t± s «> 
'jnyifi3 ooitjsst?, >> y 3 > y ^ x ^ a 3 0 1 <d m £ a , « ?n # s # * ^ 
£?fcffll?JSS<J:t)t>Wv>e:fc#&£LV'>i «yi)3yy^?;n30 lOSSli, 3n 
m ~ 5 0 n m <D FbI T & S CI fc & ft £ Lv^ „ iifj + y t;^> U 3 yf 3 0 2 li, ~> U 3 y 
y";l/VX7i.S 3 0 1 ItgKltS, xtf^ + yt/Vy'JaylS 0 2©f Stt, 3 n m 
~ 1 OOnnKOrat'J&SCtA'jfHl 1 . x fc? £ + -> ;l/ is y 3 > ffl © K — > >? il Jg « 
, HB f4 M JE * m W f Z X 3 fc , ft^;K.tyftAtJ;oTlI?ft»5 0 y - h if « 50 
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I 3 0 3 ii> xi;^*i/t;ui''j3yi 3 o 2 iicsEs t ft a*n?ns . f-hmm.it 

Unit. — SS it v U 3 V T & 0 f« . & ft ^ 7 - 7 A £ ft m it *J )\; 3 - 7 A * 2 <D h i g 
h-kRt#ftST**5C fctfjf S LV>. f Ol, ^- h^'J •> 'J 3>J 3 0 4 tfSgS 

n & o # | j'/'j3yi 3 0 4 #, y-FMPtLT, s fc \t > * (c s it^mw.mm (cm 
> ft t3 1> t ffl v-> 6 n» s cMPiiststiK^n, y-i-Rtftsitff-nstf 

, CMP7h^IO»S«t)t|Stli. 
C 0 0 6 0 ] 

3i S f 5 o ^'Jny^^v-^iiyf y^U- h *s «fc tf ~> 'J 3 > ? ;U v - 7 A $f f £ 
i/ijnyx-yf y^IlRtttlSSLT, v"j3>7^f -f7"Si§El/^7'> h tc ft 3 # y 

[ 0 0 6 1 ] 

3 0 5tt, *§^hU>^X'y^^^X@fc*3tt§v;l/^jl%^ab, @7Dfc;^-rct:dlc 
, jgghUVf lyf >^<0^7itiS2ti2. £Siihb7^x-y^e0i££te s * - 

1T% ->'J nyy^vx'JAI 3 0 1 J; 5 felAMcTST*^ < cttf 

£F ^ u\ f/Hx^±gpxe^^i/t;i/^V3>i3 o 2±tH3§?n, ~> y a v y ;v 
v-7A3 o i i^itati^enscT, mmv u > ^ 20 

* — 1% — x -y ^ It > 5nm~5 0nm©HflT?&!M#v ^UnV^^VX^ASOlOnm 
T V & S C t tfi 0 3: b V „ 
[ 0 0 6 2 ] 

m 7 e a s — m it *y v 3 > s ft it a ft ~> y 3 ^ t? & s c t a< 0 * l v v 7^t ^/"i^ 

fc £ tf h U V f - © ± £ *t fl 2 ft 7"c 7 # — Ji 3 1 O^it. EI 7 F(i, T is ti 
St57thUVy77-fIi%it. 7* M^^XF3 1 liC7>*-jlHll*«lt5 

o 

[ 0 0 6 3 ] 

@7Gli, 7*H'f7h/^- > 3 1 1 > % -m&*GkMT ZttmT*. $ — — 
y^?tlfc7>A-I^xyfy^-plt)i^tl.fct07V*-3 1 2 © J£ fig £ ^ "T „ 0 30 
7Hii, 7*hU5?^h3 1 l*M4#Sftfc1£©7'>#— «3S3 1 2*^To T ^ * — 3 
1 2 & , 7^T^7"IiS©y-ht' l J-> , J3yl 3 0 4 ©iffit:, 1 3 0 4 , 3 0 3, *5 
«fc tf 3 0 2 (D fHH £ fcH t) W £ ft £ o 7 V # - « £ ft , U3>Sfi3 0 0 O 

ft ffi ± t & t) w # e> n s o t y ± — it s. ft , is y 3 > y ;u v x 7 a © uti s t ^ t) ft- «■ 5 n 

tt i^tf, -> 'J 3 > ;b v ^ <) A fi 5 x 7 f > ^* 1 1 0 I ti 5 © T\ 7y*-tJ/'j3 
yy;Vvz-)AJ;iDHOSi{^ /£ Eft & © T 1^ „ 

[ 0 0 6 4 ] 

HI 7 I tt * •> 'J 3 y y Jl/ 7 ; 1 y ^ T* ® D I ft f; i O 1 7 7 7 3 1 3 

i^Stc 7^f-f7I)S 3 0 4 , 3 0 3, i tf 3 0 2 , C C T* B , x 7 ^ ^ -y 
7 3 1 3©lT'7yA-3 1 2 t <t t Sjf J tl 5» 40 
[ 0 0 6 5 ] 

17 Jli, ll^yfOJtl^St. as » h U ^ ^ * ^ ^ tc L , x7^"^-y7% 
SaLft^CttfifH^o C M P ^ m V , 'J 'J 3 > S 3 0 4 T 7s h -y 7 

t5f iltll^Sto JtiJftfcfSIhl'yf 3 0 6 *5±tf7y*-3 1 2 © g| £> tei , 
CCT«, X 7 3 s -V -y 7 3 1 3©±T-~>U3>'7^7"'C7pil|?%5^^-r ; i>o 
[ 0 0 6 6 ] 

H7LB, #'Ji/'j3y©12<DI3 2 1 5:)tSlt 5 ^Ottf ©iS^St, 0 7 Mii 
, 7*H/^^F'^-> 3 2 2 «: ffl V T # y -> U 3 > Jl 3 2 1 © ± Ic f — h # U > U 3 

> £ tr^sx -r § x a * 5s -f o ^ 2 o # y > y 3 > ii 3 2 1 « , — ^Fsea»fli«STd?y 

i/'Jnvy-h^gfitSfefttffl^en, 7 * r- -f 7 ® HI £0 ± T' ft 1 <D sK 'J y 3 > ® 50 
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3 0 4 fc |WMb £ *l -S , 
C 0 0 6 7 ] 

H 7 N fcfc , 7*M/j;7h32Zt7XnUffll/>ft, #!JV!)3yi3 2 10l9 
> y fc_ «t § y - h # V is V =1 V & * m T o ^ - h & £ it s IlO*'Jy'jn>l30 
4*x.y^>^L, y-Mfk» 3 0 3 *i7f^yu > y a 3 0 2 ± T? X h -y r 
f 5. 7tH/J>7F3Z2tt, 17 0(cfe^Tlitf?n5, 
[ 0 0 6 8 ] 

y- f # y > y a x/w^a, h 7 p t^-r j; 3 ic % aif oa* u^/uo c 

M0S7"DtXgiia^I%^?n#5 < , S0Nf;WXIi, ^t)©T>*-3 1 2% 
tt5hU>f|gIft3 0 6 tj:^TiI?n, X 7 -y 7 3 1 3±T-^^fc^^1"^ 
„ #D S/'J n h3 2 1t(i, #*tt**«>Sfcii)fc % K- :/3F*fifctfifeA* n»* 

o V-XtH* 3 4 2 fc «fc F U^C 3 4 1 « % SK«fRfc:|BVTJHfc!Ta5SJ:$te* 

3 4 1il©f|©M % SfcttJBfifcfc^fc, i5K-^FW>/y-7 (LDD) MUSfc 
itfH A L O tl»§ 0 *%BJ(D S O Nf/W70V-7 3 4 2 Sitf F U>f > 3 

4 1 * fc> X7ft^3 1 3ia^T, 5";3>i« 3 0 0fr6IBl«n*. 
-hX^--9--3 4 9 , ^'-MI3 2 1 33 <fc 3 0 4 * »3» f S «fc 3 « st S ti » S 

^K<k^|«#, f;WXSIA^7ti„ 8ftl 3 4 4 i'ia%It\ £ 

ff*«SnT, V-Xfl 3 4 6 , F U>T 3 4 7 , feitff-H| 3 4 5 *<J&fi8 

« n 3 o y-x, Fi/-f>^j:[f^ij>>ij3>^-h©v'jt-<f-j'3V^sft, ji a 
^ tit <tvi 0 " " J 

[ 0 0 6 9 ] 

33 J; KW n» 3 . R£jS UfcV-Xfeitf F T fe J: ^ 

. Bfiy-7*J:tf KU>fyoynt7tt, Hs u5tj:«, TDouble side 
wal1 raised silicided source/drain CMOS 
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